The speed of golf balls can be regarded as the fastest in all ball games. The flying distance of a golf ball is influenced not only by its material, but also by the aerodynamics of the dimple on its surface. By using Computational Fluid Dynamics method, the flow field and aerodynamics characteristics of golf balls can be studied and evaluated before the golf balls are actually manufactured. This work uses FLUENT as its solver and numerical simulations were carried out to estimate the aerodynamics parameters and noise levels for various kinds of golf balls having different dimple configurations. With the obtained aerodynamics parameters, the flying distance and trajectory for a golf ball were determined and visualized. The results showed that the lift coefficient of the golf ball increased if small dimples were added between the original dimples. When launched at small angles, golf balls with deep dimples were found to have greater lift effects than drag effects. Therefore, the golf balls would fly further. As far as noise generation was concerned, deep dimples produced lower noise levels.
Introduction
Many reports about golf ball, including those describe the history of its development, have introduced the standards on golf ball specification. To conform to the technology progress, USGA has modified the standard requirements for golf ball [1] , including the permission to use asymmetric dimple on the golf ball surface to make golf tournaments more interesting to watch.
In 1938, Goldstein [2] had proposed an important parameter -the spin ratio. In corporation with different Reynolds numbers, this parameter makes the study of lift and drag effects feasible for whirling smooth bodies. Schouveiler, et al. [3] utilized numerical method to simulate the relationship of wake effect behind two spheres.
The objective of their paper was to determine the critical Reynolds number and the interval distance between the two spheres. Jearl [4] pointed out that golf ball surface produces a thin boundary layer as it flies. Under the conventional perception, people thought that the friction force of a smooth sphere was always smaller than that of a sphere with dimples, and therefore the smooth sphere was expected to fly further. In fact, the phenomenon is exactly the opposite. Jearl showed that the flying distance of the ball with dimples was four times greater than the smooth ball because of form drag.
In his book, Jorgensen [5] emphasized that the main objective of concaved surfaces on a golf ball is to generate small scale turbulence. When flying, this turbulence postpones air separation, reduces the low pressure region trailing the golf ball, and therefore lowers the air drag. Warring [6] performed a series of numerical studies related to golf balls using Excel spreadsheets. His paper included the introduction of theoretical phenomenon, the influence of drag force on the flying performance of golf balls, the estimation of Magnus force, and the prediction of golf ball trajectory. The goal of his paper was to provide guidance for golf ball players and manufacturers so that their golf ball was capable of flying for a longer distance. Eilek [7] further discussed the lift force generated by Magnus effect in his writing according to the Bemoulli's Theorem.
In the study of acoustics, Singer, et al. [8] calculated the noise level from a source using a hybrid grid system with the help of Lighthill's acoustics analytic approach. On the other hand, Montavon, et al. [9] 
Mathematical Model

Governing equations
The present numerical simulation of the (i) Continuity equation:
κ-ε Turbulence Model
The κ-ε turbulent model is usually applied to 
Acoustic Analogy Approach
The sound spectra at the acoustics receivers associated with a golf ball were also calculated using the fowcs Williams -Hawkins acoustic analogy (FW-H) recently implemented in Fluent 6.1. Kim et al. [10] The FW-H equation can be written as: 
Characteristics of geometry, grids and flow field
The objectives of this investigation are to determine the shape of golf ball which produces 
Validation
For validation, this study used a 3-D sphere. 
model is almost the same with that through CAA model [12] . However, the result of DES turbulence model is similar to the other two cases if the frequency is less than 3000 Hz. At higher frequencies, the discrepancy is large. It is believed that this is attributed to the fact that the accuracy of DES model is on the first order whereas that of LES model is on the second order.
Result and discuss
This study used structured and non-structured grids for numerical simulation. Table 1 lists the details of these five cases. Figures 13 and 14 show the drag and lift of these cases, respectively. In these figures, it is obvious that drag coefficient increases with dimple depth. As far as the lift coefficient is concerned, they increase with dimple depth for Cases 3 ~ 5, but decreases for Cases 6 and 7. If swung at large launch angles, the golf ball would stay in the sky for a longer duration and therefore its drag effect is greater than its lift effect.
This leads to the fact that the flying distance is inversely proportional to the dimple depth ( Figure   15 ). In contrast, if swung at low launch angles, the duration the golf ball would stay in the sky is considerably shorter. In this case, its lift effect becomes greater than its drag effect and thus the flying distance is directly proportional to the dimple depth (Figure 16 ). Even so, the flying distance associated to a low launch angle is found In the prediction of noise, Table 2 Fig. 17 were the places where noise was generated. Figure 18 shows the spectrum analysis of these three cases whose
Overall Sound Pressure levels at detector point 1 were 75.3dB, 71.9dB, and 58.8dB for Cases 3 ~ 5. Figure 19 shows the Overall Sound Pressure Levels for the four detectors.
Conclusion
This study has examined various conditions for the problem considered. The flying distance of the golf ball is used as the criterion to quantify the success of a simulation. Based on this study, several conclusions can be drawn as follows:
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